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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the oxidation resistance of 
a composite material of niobium-based high melting metals (Nb- 
based RMIC) in high temperature. 

SOLUTION: An environmentally resistant film (34) containing silicon, 
titanium, chromium, and niobium is provided on the Nb based RMIC. 
The invention includes a turbine system (10) having turbine 
components (11) comprising Nb- based RMIC, the environmentally 
resistant film (34) deposited on the surface of the Nb-based RMIC 

(33), and a thermal barrier coating (42) deposited on the external 2Q 

surface (40) of the environmentally resistant film (34). A method for 

manufacturing the turbine part (1 1) with the environmentally f 3* s *3 

resistant film, and a method for covering the Nb based RMIC \" ~ ~ ~ ~ ~ ~/~ ^ 

substrate (32) with the environmentally resistant film, are also fXf/'/f ^ * ** 
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2-2 5MT-%CD**>, *5jl-2 5M^%©^PAS 

[0012] »ES©»»r«. »es6cwsm 

ttfiM*Wr*^*^*JIM^&«lffla^W (Nb 
IRMI C) ^6^^*^t'>Sp 0 D o(D^^ffi^SI«T 

[0013] *E©J««t?tt. ^^^Si^SS 

.^ju^HHia^t* (NbiRMio mttzmm&fti 

[0014] JdB*Ott<DttttL *SSRCfl#« 

b, HTosweaasw. wmsimmw» 40 

[0015] 

fc> r_hj % rrj , r^j t r^j .ttevjmmzm. 

[0016] Sffi±flSL WteH 1 Ccoii-CBil8T43&s. 
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[0017] *J6!8©^-t>^f a l Ott, iEStfP 
«b*«Ctt2 10 0° F («115 0"C) «±(DSS^? 

-b>gq D a Q i 1 i OTIt H&XU-F1 2, 1 

ctieccinestiftc^ t^sR&i 1 

iz~*7mm&£&m&mMm&tt <«t, tn biR 
micj ii»5> frbffl&zti. mstm^htix^z- 

[0 0 1 8 ] *?H!K:;bl>T. ^-b»XfA10(D 
£-b'>g|5 D a a l l©ff£/&£JBl>6ft£NbSRMI C 

*frr*. NbiRMic^ »i9jikt 
%-^j2 4m^%(d^*>, mim*%~-m5m*%<D 

3 6«Cj?*0<tt, NblRMIC«, «19 
— 2 4M J F-%<D^£>, & 1— 51H^%©^:7.^A, 

mim^ycFCDZisZ)^ mi 1-2 2/1-?-%©^ 

X. ^6M^%«TcDy;bv^^A, fti 2S^%JMT 
<D*VM. ifo5 — 1 4M^%<D^UA, #j4M^%feTF 
Ol*, ^4MT-%«TOT;U5^^A, »3I-f%WT 
©XX, ^3^T-%«TO*>^Xr*> 4 ^3MT-^« 

RMICCD^jl l-2 4J!W4^U t ^<b^UACD^ 
W-#Nb»RM I C<DSK)5-1 4M J F-%£r&U Nbl 
RM I C^fo&ttZ-*7±ZZs*)V<om&%<l>&Zt 
<bN blRM I Cl^ICC#^ET€>^*><h/^^^^ACDM 
■f^©^lti©ibW»l. 4-^j2. 2©II*#T5, 
Tfttofel. 4<(Nb + Ta)/(Ti+Hf)< 
2. 2T'&£ 0 

[0 0 19]$^m NblRMIC^6W3ti 
/c*-b'>a5 0 D P l lOKftSBHitS. JtafeatWtt 
^2 00 0° F^2 5 0 0° F 1 0 9 0 °C-^J 1 
3 7 0°C) ©«Hrt©«*r**ttilft**W436>6r 

^>^ 0 co«ttrafltNb*RMi c±ec5fej*r*«« 

WD * -f ^©ift*«*fflfiS (^^.«^J 1 4 0 0' F - 
^ 1 8 0 0° F) T^D^o ^f^>^ WbISS 

[ 0 0 2 0 ] N blRM I C^^JgjRStitef -tf>» 
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*Nb»RMI CS*t3 2 0affi3 3«CR^r, »IN 
bSRM I C«3 0 k WI^^S^-e>a5 n a p^^ 
T^o »S^f4£M3 4K«3tt 1 0 am-^2 0 0 m 

-2 5MT-%CD^^>, Kl-2 5IT%(D^nZsRO' 

aT*ar. *fc. ■fsmtt&R3 4«. s&cc»2o 

«^>fMV;i/^^Ar^1-5 0 iH9ltttteftMt3 4 
— 3A, £>£;u v r;l/^^-^7A, ^>^Xf 

>acf * u 6 a saw* 6 jwi s ti 4d>a < t «> 

1 «OTC*€rjKj 3 M^%&TF^/oX^X <£l> 0 
[0 02 1 ]!ffll,<«, WWgtt&JK3 4 «&J5 0 - 
6 7^%0^>f^ *^J8 ~ 1 6J1T%C7)^£>, #j4 20 

[0022]Nb l . 1 . ¥ Ti,Cr f Si,« (3», 1> 
( x + y ) £ 0 ) »»9tW^MC!>» 5 0 flflWfeLb* 

a-r. Nb a . x . v Ti,cr,s i ,fmsinmttduK3 4 
<DftW4r0tcmmutcmmw3 b turns tix\,*xt> 

<£t>„ T i s _ £ N b z S i 4 tB&tfT i s .,Nb,S i 3 ffi 
<SM>. 5>z. wiO) Oi^tt«©fflfcHW«ttft 30 
I3 4*^#au#^>c Cft6<D*B«^M(D^aARC>* 
^7^A^Wlta<, WIR»14ftlBt3 4±Nb 

srm i cmw3 2t<Dwm3 9i,cmmLtc&mwim3 
s touts tix\.*xi>j:\i> m 

[002 3] mmmkgzm3 a » % «^&Jisia«r* 

£-t'>gp p a a l l©<t54NblRM I CIW3 2&tj* 
XW#4. **4«8l«W©--«iUr, NblRMI 

av^f y-tcaats. n 

bSRM I CSW3 2^1 2 0 0 'CWlOSST, » 40 
* L < 1 BSIfflfc^igWnffl L T , BS^tt^K 34$: 

flaw*, i 2 oo-crojsaastptc, x^ »;-«Nb 

SRM I CI«3 2 ^CD^^yiSJ^br^SjCDWig 

«tt©»*»S5-r*. s&fc i 6 o o°cr 1 o B$rtSii2ra 
comumzir ~>xmmmiij$m3 4&&<tLx 

wax*, ft^jiiafacxcneott^-etttabifcr 

^NblRM I C1M3 2±«:««LrtJ:l». * 

tC, NblRMICl«32^1 2 0 0 °C«±<D*ag 50 
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r. »SL<«iftl^ra«JbJ»ffia-rsci«:J:?)iIB8| 
«tt«MI3 4«:J|5«r4. 

[0 024] IB3K:j3?*M:9<C t ffflHH£ 

#J^3 4&C»£TMg*n~7 : W >^ (TBC) 4 2^t 

err. Mn-f ^ > yr»ai/cN biRM i cm 
5 0, m«MS*~^>^,<t urfc<£i> 0 

>^4 2ttHW«ttfiW3 4©i1-ffl4 0±CC«SIT 
£ 0 Sf&^-rw >^4 2«J1£$*J5 0 /zm-JR4 0 0 

[0 02 5] £-^>£P a a a l 1K«|3- 7^>^42 
R0W9MttKM3 4 4*1^6, &3ft:n-Tw >y 
rttSLfc£~e>gp D D a 5 04^-t»xfA l ok: 

[0 026] 

[0027] ggtgn 

NblRMI CHR>f- £#f£W<DWg^1£ 
&Jg±CC<Y* h r J7$3Hk^3-7 (YSZ) <DSf& 

^3 4mys zmm*-v-<< 2xtmi,tam 
K3 2<DVkmmi®*fF;?o m4(,cnk-?mmm&gim3 a 

£WlT£ 0 Nb^Ti.Cr.Si.ffl^ltaWtel 
3 4<D5*ffl4 0 CC«ttuyfcW»««3 6CC»liStirt» 
£ e WrtUMX 6 2 teKS L/cBSSMfi 3 4 (DWffi 
•M3 8teT i ^Nb.S ijmVT i 5 .,Nb B S i 3 
tB£^fr 0 ♦iSff«HB«3 8«. ft4 4JMT-%<D^ 

M^tfV^^A, #53 lJK^«©^*^i(r^aflt 
**-T«. Nb 1 . l . v Ti lt Cr ¥ Si i W< 4 U^fe 

mtmommmm (cte) wmteztctb, Mmm£&. 

&VXi>95<9*lt* tl\%±&M Lit l,*. 
[0 0 2 8] *^HJ(DWS^14jKM3 4St>TSZii 
3-f^>^4 2t»SlfcNbIRMI C^K*6 2 
^1 6 0 0° F v 2400° FM2500' F X<Dfr 
t-f^K*.(FCT.) cc«o/c D ^-f^JUKKr 

tt. msn b srm i ctawt*s»*rjsacc i ^ra 
ftKKfiSKioi^r, i o o[g v i o ovjz 

>m*)&0tc o FCTSKDlttNblRMICKIW-O 
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&m*7£&mm+mdkm <sem> zm^x-n-itc. 

2 5 00° Ft©FCT^10 01f-/^;Mfo/c 
SlNbSRM I CK*Wt©BrffiOSEMB«*^T, 

Mi3 4»if©$J-e J NblRMIC^iM-6 2 

NbSRMICKIIW-6 2©«t©rt»»ft«SE 

feNblRMI Cf*gUt6 2©S*tCD^X^^>^»B 

k: <£ o r A if i 5c J s ft & c £ * m L r c . 

[0029] xwMmmxm* temmmmzmn ir^ 
an* £ c t \t*wam<Dt mttm e> u r a u f# 

Bt*wr*NbaRM i ctf, ^a-ccowK^tt^a^ 
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0 * [0 1] ^-t:>>>xfA©«i 0 
BS»rffi0o 

[04] NbSRM I CS«±^C*^U/c*^(3Dit 
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10 [05] 2 5 00° Ft?l 0 0 V 4 ZJMDl&SELWHt 
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1 0 ^-t'>t/Xf A 
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